
129Danielewicz D, Surma-Ślusarska B. Properties of Bleached Pulps from Low and High Kappa Number Old Corrugated Containers (OCC).
FIBRES & TEXTILES in Eastern Europe  2015; 23, 5(113): 129-135. DOI: 10.5604/12303666.1161769

Properties of Bleached Pulps from Low 
and High Kappa Number Old Corrugated 
Containers (OCC)

Dariusz Danielewicz,
Barbara Surma-Ślusarska

Department of Fibrous Raw Materials 
and Pulps Technology 

Institute of Papermaking and Printing, 
Lodz University of Technology, 

ul. Wolczanska 223, 90-924, Łódź, Poland, 
Contact: www.pulppaper.eu 

Abstract
The strength, structural, optical and water absorption properties of bleached pulps from 
unprinted, low and high kappa number old corrugated containers (OCC) were determined. 
The results were compared with the properties of bleached birch pulp and pine pulp. It was 
found that old corrugated containers pulps show higher Shopper-Riegler freeness, distinct-
ly lower tensile strength, and lower maximum short-span compressive strength (SCT) than 
birch and pine pulps. However, they also show quite good tear resistance, optical proper-
ties, bulk and water absorption. In order to explain the differences in the properties of 
bleached OCC pulps and birch and pine pulps, they were evaluated using image analysis. 
This study showed that OCC pulps contain both long softwood and short hardwood fibres, 
with a predominance of the former. An analysis of the lower tensile strength of OCC pulps 
was also made. It was established that it is mainly caused by the lower degree of polymeri-
sation (DP) of cellulose and the higher degree of damage of OCC fibres.

Key words: bleached OCC pulps, beating, handsheet properties, fibre properties, hemicel-
luloses content, fibre defects.

ject of research. For example, De Ruvo 
et al. [1], Jackson et al. [2] and Nardi [3, 
4] reported that oxygen delignification 
is suitable for this purpose. Markham 
and Courchene [5] stated that the com-
bination of forward cleaning and oxygen 
delignification removed 86 – 88% of dirt 
from screened OCC pulp. Dionne and 
Hoyos [6] indicated that hydrogen perox-
ide bleaching can be an effective chemi-
cal treatment aimed at the brightening of 
OCC pulps, while Zanuttini and McDon-
ough [7] reported that  the treatment of 
OCC pulps with ozone has a beneficial 
influence on some of the strength proper-
ties of sheets made from OCC pulps. 

There have also been attempts to obtain 
easily bleached pulps from pulped OCC 
waste paper in the oxygen delignifica-
tion process with the additional treatment 
of OCC pulps with peroxy acids [8, 9]. 
Another way to upgrade OCC pulps in-
volved their physical treatment in such 
devices as kneaders and refiners [10]; the 
latter to improve the properties of sheets 
made from OCC pulps [11]. 

The upgrading of OCC also comprises 
their processing into fully such pulps. 
The first  who suggested this idea were 
Nguyen et al. [12] and Bisner et al. [13], 
who processed OCC into bleached pulps. 
Research on the processing of OCC into 
bleached pulps of high brightness was 
also done by Wandelt [14]. The author 
focussed on the optimisation of OCC 
delignification with the use of the poly-
sulfide-anthraquinone (PS-AQ), neutral-

T 	 – tensile strength of paper handsheets
Z 	 – zero-span tensile strength
L 	 – average fibre length
P 	 – average value of the circumference 

of  fibres of the pulp
A 	 – average cross-sectional area of  

cell walls of fibres
ρ 	 – density of the cell wall of fibres 
RBA – Relative Bonded Area of fibres
b 	 – shear bond strength

n	 Introduction
Bleached kraft pulps obtained from 
wood are mainly used in the production 
of white writing and printing papers, tis-
sues and boxboard covering papers. Al-
ternative sources of fibre, ideally more 
ecologically justifiable than wood, are 
increasingly sought after. In this respect, 
waste paper from old corrugated contain-
ers (OCC) has a certain potential. How-
ever, the use of this material to produce 
bleachable pulps is not straightforward 
due to the growing share of  waste pa-
per pulps in the furnishes of liners and 
fluting, and the gradual deterioration of 
their quality. The main problem is the 
presence of various chemical additives 
in OCC waste paper, such as printing 
inks, glues, fillers, polymer binders and 
waxes, which are used to give  boards 
their end properties required. Thus it is 
necessary to upgrade OCC pulps before 
reusing them: removing contaminants, 
brightening the pulp and improving the 
papermaking properties of the fibres. 
This problem has already been the sub-
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method of pulping
NS-AQ – neutral-sulfite-anthraquinone 
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d 	 – initial disintegration of OCC 
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A 	 – pre-treatment of pulp with diluted 

sulphuric acid 
Sa 	– kraft pulping
D 	 – disintegration of OCC or wood 

chips after its pulping
Q 	 – pre-treatment of pulp using EDTA
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pulps
B 	 – bleaching of pulps
BH	– bleaching of pulps with its subse-

quent hyperwashing
DP	– degree of polymerisation of cellu-

lose
rel. % – relative percent
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sulfite-anthraquinone (NS-AQ) and alka-
li-oxygen methods. Studies were further 
continued by Danielewicz and Surma-
Ślusarska, who performed  research into 
the processing of different kinds of cur-
rently produced OCC into bleached pulps 
[15 - 18]. The main aim of this work was 
the comparison of papermaking proper-
ties of bleached cellulosic pulps from 
low and high kappa number OCC with 
bleached cellulosic pulps from birch and 
pine wood, which have not been suffi-
ciently explored so far, and which may 
be relevant to take a decision of starting 
the production of this type of pulps. 

n	 Experimental
Pulps
Dried bleached pulps of 87 - 90% ISO 
brightness were used to study their prop-
erties. These pulps were produced from 
kappa number 52.6 and 103 unprinted 
old corrugated containers (marked as 
OCC50 and OCC100), respectively, ac-
cording to the sequence of processes  
d + A + Sa + D + Q + O + BH. In the re-
search,  conventional bleached birch and 
pine pulps produced from wood chips 
were also used according to the process 
sequence Sa + D + O + B. 

Methods
Processing of OCC
Initial disintegration (d) 
Initial disintegration of “dry” OCC sam-
ples was conducted in a beaker using  
a Zelmer Robi kitchen mixer (produced 
in Poland) at a 0.5% consistency of  
the pulp for 2 min.

Removal of metal ions (acid and 
chelation stages)
The acid (A) and chelation (Q) stages 
were performed at 10% consistency for 
one hour at 75 °C, followed by thorough 
washing with deionised water. The pH 
of stage A was adjusted to 2.5 - 3 us-
ing H2SO4. At stage Q, a 0.5% charge 
of EDTA was applied to the pulp, and  
the pH was adjusted to 5 with H2SO4. 
After 60 min of treatment, the pulp was 
washed in the same way as in the oxygen 
delignification process.

Kraft pulping (Sa)
The pulping of OCC was carried out in 
a Hatoo rotary digester in autoclaves of 
2 dm3 capacity. Liquor of 25% sulfidity 
and active alkali of 10 and 14% based on 
oven-dried (o.d.) OCC of kappa number 
52.6 and 103 were used as pulping liq-

uor, respectively. The liquor-to-solid ra-
tio, heating time, pulping time and maxi-
mum processing temperature in all pulp-
ing experiments were the same, viz. 6:1, 
90 min, 90 min and 165 °C, respectively. 
The stock after pulping was preliminary 
washed using distilled water (Büchner 
funnel, water-to-pulp ratio 20 : 1) and 
then washed by diffusion using this kind 
of water in plastic buckets for 24 hours. 
The Kappa number of pulps OCC50 and 
OCC100 after washing was 21.9 and 
30.4, respectively.

Normal laboratory disintegration (D)
After kraft pulping and washing,  
the OCC pulps were subjected to disin-
tegration in a laboratory disintegrator 
which is used e.g. for the disintegra-
tion of wood chips after kraft pulping.  
The process was performed at a concen-
tration of 1% of OCC pulps in water, at 
3000 r.p.m. for 3 min. The pulps were 
then centrifuged and stored in wet condi-
tions in a refrigerator in closed polyethyl-
ene bags for further research. The kappa 
number of pulps OCC 50 and OCC 100 
after pulping was 21.0 and 30.3, respec-
tively.

Oxygen delignification (O)
A weighted portion of OCC pulp was 
placed in a foil bag. 0.1% of magnesium 
sulfate in relation to oven-dry pulp (in 
the form of a 1% solution) and 0.1% of 
sodium hydroxide per kappa number 
unit were added to the pulp suspension.  
The content was mixed together in  
a bag by kneading and then was quan-
titatively taken to a Parr 5112 reactor.  
The autoclave was closed and filled with 
oxygen to a pressure of 0.6 MPa; the mix-
ing mechanism was then switched on, 
and the contents were heated to 100 °C 
over 30 min. This temperature was main-
tained for 60 min. The experiments were 
carried out at a consistency of 8%. After  
the preset time elapsed, the oxygen re-
actor was degassed and emptied. After 
oxygen delignification, the pulp was dis-
charged, filtered, washed with three ali-
quots of 1000 cm3 deionised water, and 
stored in a plastic bag for further treat-
ment.

Bleaching and hyperwashing (BH) 
The OCC pulps were bleached accord-
ing to the D0ED1 sequence. A weighted 
portion of pulp was placed in a double 
polyethylene bag together with deionised 
water. The chlorine dioxide charge was 
3% based on o.d. pulp. Sixty-five percent 
of this charge was added at the D0 stage 

and the rest at the D1 stage. Bleaching 
was carried out at 8% consistency. No ad-
justment of the pH of the pulp suspension 
was made. After 1 min of further knead-
ing, the pulp was placed in a constant 
temperature water bath at 75 °C. The bag 
was kneaded again after 5 and 30 min. 
After 60 min of bleaching in D0 and 
90 min in D1, the bag was opened. Next 
the pulp was washed in the same way as 
in the oxygen delignification process, and 
then it was placed in a new plastic bag for 
further treatment.

After the D0 stage, the pulp was treated in 
the alkaline extraction stage (E). Deion-
ised water and sodium hydroxide (1.5% 
on o.d. basis) were added to the bag with 
the pulp (10% pulp consistency). After 
kneading, the bag was placed in a water 
bath (75 °C) and kneaded again after 10 
and 30 min. After 90 min of treatment, 
the pulp was washed in the same way as 
after the oxygen delignification process. 

After bleaching, the OCC pulps were ad-
ditionally washed with a strong stream 
of tap water in a Büchner funnel with  
a dense metal net with a 75 by 75 μm 
mesh (hyperwashing stage, marked as H).  
The wash water-to-pulp ratio was 40:1.

Processing of birch and pine 
Birch and pine pulps were produced from 
birch and pine wood chips according to 
the process sequence Sa + D + O + B.

Kraft pulping process (Sa)
Industrials chips were used to obtain 
birch and pine kraft pulps. The time-
temperature conditions of pulping were 
the same as in the processing of OCC. 
The amount of active alkali charged of 
birch and pine wood was 18 and 22% on 
o.d. wood, respectively, while the liquor-
to-wood ratio was 4 : 1. After pulping 
and further treatment of cooked chips 
(pre-washing, diffusion washing, disin-
tegration), the pulps were screened on  
a laboratory screen sorter - Weverk us-
ing a screen plate with slots of 0.2 mm.  
The kappa number of birch and pine 
pulps after screening was 29.7 and 20.2, 
respectively.

Oxygen delignification and bleaching (O 
and B)
Birch and pine kraft pulps were oxygen 
delignified and bleached in similar condi-
tions to those for OCC pulps. 
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of bleached birch and pine pulps only by  
2 - 3 °SR. However, after beating,  
the difference in the SR-number be-
tween the pulps increased. For exam-
ple, after 12  min of beating, the SR-
number of birch and pine pulps was 18 
and 16  °SR, respectively, whereas in  
the case of OCC50 and OCC100 it was 24 
and 26 °SR (Figure 1). Thus the average  
SR-number of OCC pulps after this beat-
ing time was higher than that of birch and 
pine pulps by 8 °SR. 

The  tensile strength of pulps is deter-
mined primarily by inter-fibre bonding 
and fibre strength. The former being de-
pendent on fibre flexibility and external 
fibrillation, while the later – on the DP 
of cellulose and small-scale deformations 
(dislocations, slip-planes, bucklings, 
cracklings, wrinkles, folds).  Changes 
in the values of the tensile index of 
bleached OCC and birch and pine pulps 
during the beating process are illustrated 
in Figure 2. 

The data plotted in Figure 2 shows that 
the tensile strength of bleached low and 
high kappa number OCC pulps achieved 
its maximum value after approximately 
the same time of beating as in the case of 
birch and pine pulps (12 min). There was 
almost no difference between the tensile 
strength of low and high kappa number 
OCC pulps. Comparing this property of 
bleached OCC and birch and pine pulps 
after 12 min of beating, one can state that 
in the case OCC it is lower by approxi-
mately 26% and 15 relative % (rel.%) 
than in the case of pulps from birch and 
pine, respectively.

for six min according to the owner’s 
manual of the apparatus,

n	 zeta potential of the fibres – with FPA 
(Emtec, Germany) apparatus, 

n	 water absorption of pulps in the form 
of handsheets prepared using Rapid-
Koethen apparatus and dried with-
out restrain prepared from unbeaten 
pulps - according to PN-65/P-50153 
and expressed as a multiple indicator, 
showing how many times more water 
is able to absorb pulp in the form of 
handsheet compared to its o.d. weight,

n	 water absorption of fluff pulps – ac-
cording to PN-89/P-04781.12 as  
a multiple indicator,  expressing  
the number of grams of water ab-
sorbed by 1 gram of pulp in the form 
compared to its o.d. weight, 

n	 the fines content in pulps - after their  
beating in a Jokro mill for 10 min ac-
cording the method described in pub-
lication [20],

n	 ash content in pulps – in accordance 
with PN-92/P-50092.   

n	 Results and discussion
Drainage and handsheet properties  
of OCC pulps after beating
Beating is important operation in paper 
technology because it affects the dewa-
tering performance of pulps and the num-
ber of their properties. The influence of 
the beating of bleached pulps from low 
and high kappa number OCC on its SR-
number, which is very sensitive to the 
presence of fibril material and fines in 
pulps, is presented in Figure 1. 

The data plotted in Figure 1 show that 
the SR-number of bleached pulp from 
OCC before beating is higher than that 

Determinations of pulp properties
n	 the intrinsic viscosity as a measure of 

the degree of polymerisation of cel-
lulose (DP) - in accordance with PN-
92/P-50101/01,

n	 the content of hemicelluloses in  
the pulps - method described by Beé-
lik et al. [19],

n	 dimensions of the fibres and their de-
gree of deformation - computer im-
age analysis with MorFi apparatus 
(Techpap) according to the instruction 
manual,

n	 brightness, light scattering coefficient 
and printing opacity - according to 
ISO 2470:1999 and with Spektrocolor 
01 apparatus (Spectrocolor, Poland), 

n	 the beating of pulps in a Jokro beater - 
in accordance with PN-61/P-50062, 

n	 preparation of handsheets to study 
their physical properties - in accord-
ance with PN-EN ISO 5259-2:2001, 

n	 conditioning of handsheets - in ac-
cordance with PN-EN 20187:2000,

n	 Schopper-Riegler number (SR-num-
ber) – with Schopper-Riegler appa-
ratus according to PN-EN ISO 5267-
1:2002,

n	 apparent specific volume - according 
to DIN EN ISO 534,

n	 tensile strength - in accordance with 
Standards ISO 1924-1 and 2:1998 in  
Zwick/Roel BZ2.5/TN1S apparatus, 

n	 tear resistance - according to DIN EN 
21974:2002 with ProTear (Thwing-
Albert, USA) apparatus, 

n	 short-span compression strength 
(SCT) - in accordance with Standard 
ISO 9895:2002 in  Zwick/Roel BZ2.5/
TN1S apparatus (Germany), 

n	 zero-span tensile strength - with Trou-
bleshooter TS-100 (Pulmac, USA) af-
ter the beating of pulps in a Jokro mill 

10

14

18

22

26

30

34

0 4 8 12 16 20 24
Beating time, min

SR
- n

um
be

r, 
°S

R

OCC50
OCC100
Birch
Pine

20

30

40

50

60

70

80

90

100

110

0 4 8 12 16 20
Beating time, min

Te
ns

ile
 in

de
x,

 N
 m

/g

OCC50

OCC100

Birch 

Pine

Figure 1. Beating curves of pulps. Figure 2. Beatablity of bleached OCC, birch and pine pulps.
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Figure 3. Tear-tensile strength relationship of bleached OCC, birch 
and pine pulps. 

Figure 4. SCT-tensile strength relationship of bleached OCC, birch 
and pine pulps.

Figure 5. Bulk-tensile strength relationship of bleached OCC, birch 
and pine pulps.
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Figure 6. Light scattering ability of bleached OCC, birch and pine 
pulps at a specific tensile strength.

Figure 7. Printing opacity-tensile strength relationship of bleached 
OCC, birch and pine pulps.

Figure 8. Water absorption ability of bleached OCC, birch and 
pine pulps.
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The fibre length distribution and  value 
of the coarseness of bleached OCC pulps 
explain the relatively high values of tear 
strength of OCC pulps (Figure 3). Apart 
from this, the high tear index of these 
pulps can also result from the presence 
of long and narrow fibres, probably from 
the bast plant, which were evidently vis-
ible in photographs of OCC pulps, near 
the wide softwood tracheids and short, 
slender hardwood fibres (Figure 10). 
The presence of these fibres in bleached 
OCC pulps may result from the use 
of corrugated containers from Asia in  

for bleached OCC pulps in a fluffed form, 
the observation to be made is that its wa-
ter absorption is high and comparable to 
that of bleached birch and pine pulps.

Fibre and pulp properties versus 
paper properties
Figure 9 presents the fibre length dis-
tribution curves of birch, pine and OCC 
pulps. The fibre length distribution of the 
first two  exhibit good agreement with 
literature data [21, 22], while in the case 
of the latter two one can observe that 
they may contain both hardwood and 
softwood fibres. Besides this, the curves 
in Figure 9 show that the OCC pulps 
contain a significantly larger number 
of fibres with a length of 0.2 - 0.4 mm 
(shortened fibre fraction) than bleached 
pine pulp.

The presence of a large number of soft-
wood fibres in bleached pulps from OCC 
is also indicated by the average width and 
coarseness of fibres, which amounted to 
25.5 - 26.5 µm and 0.163 - 0.189 mg/m, 
respectively (Table 1). 

Figure 3 shows that there was no fun-
damental difference in the tear resist-
ance of bleached pulps from high and 
low kappa numbers OCC pulps. Besides 
this, one can state that they had high tear 
strength both before and after beating. At  
the maximum tensile index (75 N⋅m/g), 
the tear strength of bleached OCC pulps 
was by 70 rel.% higher than that of birch 
pulp and only 18 rel.% lower than that of 
pine pulp (Figure 3).

It was found that the short-span compres-
sion strength (SCT) of pulps is strongly 
dependent on their tensile index (Fig-
ure  4). Because the maximum tensile 
index of bleached OCC pulps was sig-
nificantly lower than the tensile index of 
birch and pine pulps, the maximum SCT 
for OCC pulps is also lower by 15 to 
25 rel.%, respectively, than that for pulps 
from birch and pine.

Bulk is an important structural property 
of pulps destined for the production of 
fine printing papers and tissue and fluff 
products. Figure 5 shows that the bulk 
of bleached OCC handsheets  diminishes 
with the development of tensile strength. 
At a comparable tensile strength this 
property of OCC handsheets is lower 
than that of pine pulp ones, but compa-
rable with the bulk of birch pulp hand-
sheets, as  is illustrated in Figure 5.

The light scattering and opacity of pulps 
are determined by the amount of the un-
bound surface of fibres and their lumens. 
Increased bonding between the fibres and 
their collapse reduces the amount of this 
surface, decreasing the light scattering 
ability of pulps and its opacity. As shown 
by the curves plotted in Figures 6 and 
7, OCC pulps showed a light scattering 
ability similar to that of pine pulp and  
a slightly higher opacity.   

Water absorption ability is an impor-
tant property of pulps designed for  
the manufacture of tissues and fluff lay-
ers of other hygienic products. Its ability 
to absorb  water depends on the fractional 
composition of fibrous pulps used for its 
manufacture, as well as on the properties 
of fibrous cells and the volume of pores, 
the later being dependant on the way of 
disintegration of the pulp and its form-
ing. The results of the research show that  
the average water absorption of bulky 
handsheets prepared from unbeaten 
bleached OCC pulps was lower by 
16.1% and 5.4% than that of birch and 
pine pulps, respectively (Figure 8). As 

Figure 9. Distribution of the fibre length of bleached OCC, birch and pine pulps.

Table 1. Properties of bleached OCC, birch and pine pulp, and their fibres 

Pulp
Index, unit OCC50 OCC100 Birch Pine

Length weighted fibre length, mm 1.296 1.348 0.92 2.34
Fibre width, μm 26.5 25.5 21.3 30.9
Coarseness, mg/m 0.163 0.189 0.117 0.192
Number of fibres per one gram of pulp, million/g 7.83 6.08 11.07 3.84
Fines, wt. % 5.1 6.3 3.2 2.9

Table 2. Other properties of bleached OCC, birch and pine pulps.   

Pulp
Index, unit OCC50 OCC100 Birch Pine

Hemicelluloses content, % 11.3 9.1 14.2 10.7
Ash content, % 0.92 0.61 0.25 0.29
Zeta potential, (ξ), mV 22.7 24.2 36.4 32.6

Figure 10. Photograph of OCC 50 bleached 
pulp (optical microscope, magn.×40). 
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the production of new corrugated boards, 
where  non-woods plants are used for 
paper and paperboard manufacture in 
greater amounts than in Europe (e.g. in 
China it is about 20% of  fibrous raw ma-
terial) [23].   

The results listed in Tables 1 and 2 are 
useful in explaining  significant differ-
ences in the tensile strength of bleached 
pulps from OCC and birch and pine 
pulps.
The tensile strength of paper handsheets 
(T), as shown in the following Page equa-
tion, depends on the zero-span tensile 
strength of paper as an index of the fibre 
strength (Z), the average fibre length (L), 
the average value of the circumference of  

fibres of the pulp (P), the average cross-
sectional area of  cell walls (A), the densi-
ty of  cell wall fibres (ρ) (which assumes a 
generally constant value of 1500 kg/m3),  
RBA (Relative Bonded Area) and  
the shear bond strength b [24, 25].

    [24, 25] (1)

As regards RBA, Batchelor et al. reported 
it is proportional to the apparent density 
of  handsheets provided the fibre shape is 
constant [26]. Figure 5 shows that there 
was no significant difference between  
the density of the handsheets of paper 
made ​​of bleached pulp from both OCC 
and birch pulp. Therefore this factor 
could not be the reason for the lower ten-
sile strength of OCC pulps. Also the low-

er tensile strength of OCC pulps is prob-
ably not caused by the characteristics of 
the fibres. The fibre length of OCC pulps 
was in fact greater than the length of 
those of birch pulp, whereas differences 
in the P, A and ρ of OCC pulps are prob-
ably balanced. If it were not so, it would 
mean a significant difference in density 
between  handsheets of OCC pulps and 
birch pulp, which was not observed.

Therefore the lower tensile strength of 
OCC pulps must be caused mainly by 
the lower tensile strength of  fibres (Z), 
which is influenced by the degree of  
polymerisation of cellulose and fibre 
defects [27]. This was confirmed by the 
results of the determination of the zero-
span tensile strength of handsheets,  
the intrinsic viscosity of pulps and fibre 
defect measurements (Table 3, Figure 
11). These determinations revealed lower 
values of zero-span strength of bleached 
OCC pulps than for those from birch and 
pine, lower intrinsic viscosity of the for-
mer pulps (Figure 11), as well as higher 
defect indices (more fibres in which 
kinks were detected, less straight fibre 
and more broken ends) than in the case 
of pulps from birch and pine (Table  3, 
Figure 11).  

Another observation that could be seen 
from the data of Figure 11 is that dif-
ferences in the strength of the fibres of 
different pulps measured using the zero-
span tensile method are visibly better at  
a higher basic weight of paper hand-
sheets.

The low tensile strength of the sheets of 
OCC pulps may also result from an insuf-
ficient number of bonds per unit area of ​​ 
fibres, which is characterised in Page’s 
equation by the difficult-to-determine b 
ratio. This number depends on the con-
tent of hemicellulose in the pulps and 
the surface topography of fibres. As can 
be seen in Table 2, the content of hemi-
cellulose in bleached pulps OCC50 and 
OCC100 was, however, comparable to 
that in bleached pine pulp. The reason 
for the smaller number of bonds between  
the fibres per unit of the bonded surface 
may therefore be the more uneven sur-
face of fibres from OCC. In fact, OCC 
can contain horny, repeatedly processed 
recycled fibres and a higher content 
of mineral filler particles deposited on  
the fibres, which is indicated by their 
higher ash content (Table 2).

3

4

5

6

7

8

9

10

40 50 60 70 80 90
Basis weight of handsheets, g/m2

Ze
ro

-s
pa

n 
te

ns
ile

 s
tre

ng
th

, k
N

/m

OCC50 (610 ml/g)

OCC100 (734 ml/g)

Birch (943 ml/g)

Pine (789 ml/g)

Figure 11. Zero-span tensile strength  of handsheets prepared from bleached OCC, birch 
and pine pulps, and the intrinsic viscosity of pulps (in legend).

Table 3. Fibre defect data (indices determined using computer image analysis method)

Pulp
Index, unit

OCC50 OCC100 Birch Pine

Kinked fibres, % 57.5 61.9 56.5 53.4
Curl, % 18.2 16.4 11.0 15.3
Broken fibre ends, % 38.1 39.4 18.7 31.4

Figure 12. Broken (A) and highly curled fibres (B) in bleached OCC 50 pulp (magn. ×100).

A) B)
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Table 2 also shows the value of the zeta 
potential of fibres of the pulps studied, 
which controls the deposition of fillers 
and chemicals used for paper modifica-
tion on them (e.g. starch). As results from 
these data, this potential of OCC pulps 
was lower than that of pulps from birch 
and pine, which means that the amount 
of charge reducing chemicals that should 
be added in the papermaking process to 
decrease the zeta potential of these pulps 
should be somewhat lower than in the 
case of conventional pulps from wood. 
The lower values of the dzeta potential 
of OCC pulps can be due to the higher 
content of residual Al3+ ions in these 
pulps, which are used in papermaking as 
retention aids. Dionne & Hoyos [5] and 
Danielewicz & Surma-Ślusarska [15] re-
ported a very high content of these ions 
in OCC boards. 

The fractional composition of pulps can 
affect the ability of light scattering and 
opacity of the sheets. The data of Ta-
ble 1 indicate that the OCC pulps con-
tain approximately twice the fibres than 
bleached pine pulp and from two to three 
times more fines in comparison with this 
pulp. This does not, however, translate 
into a significant increase in the abil-
ity of OCC pulps to scatter  light or an 
increase in opacity, which were, respec-
tively, comparable or only slightly higher 
than for pine pulp (Figures 6 and 7).  
The higher content of fines in OCC pulps 
than in birch and pine pulps explains the 
higher SR-number of the former pulps, 
both before and after beating (Figure 
1). It also explains the somewhat lower 
water absorption of fluffed OCC pulps in 
comparison with bleached birch and pine 
pulps. In a such state fines generally dete-
riorates the ability of pulp to retain water 
because it does not create a porous struc-
ture like fibres; it decreases the share of 
fibres in the pulp and  excessively felts it 
[28, 29]. 

n	 Conclusions
Bleached pulps from unprinted low and 
high kappa number OCC have signifi-
cantly higher tear strength and compara-
ble bulk in comparison with birch pulp,  
comparable optical properties to pine 
pulp, and comparable or slightly lower 
water absorbability than birch and pine 
pulps. The favourable characteristic of 
these pulps is also their higher average 
fibre length than that of hardwood pulps, 
especially taking into consideration  
the application of these pulps to tissue 
and fluff grades. 

Unfavourable features of bleached pulp 
from OCC are their higher SR-number, 
and lower tensile index and SCT com-
pared with birch and pine pulps. 

The differences in the properties of 
bleached pulps from OCC and birch and 
pine pulps can be well explained by vari-
ations in their fractional composition and 
the morphological properties of fibres. 
This study showed that the relatively 
high tear strength of OCC pulps results 
from the presence of a large amount of 
softwood fibres in them, while the lower 
tensile strength of these pulps is mainly 
caused by the lower DP of cellulose 
(lower intrinsic viscosity) and higher de-
gree of damage of fibres.
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